A case of stuttering due to olanzapine treatment Stuttering is defined as a disturbance in time patterning and fluency of speech inappropriate for an individual's age. The pathophysiology of stuttering is not fully understood. Some studies show that stuttering is related with an increased number of D2 receptors in the basal ganglia. Otherwise, a 50-200% increase in the level of dopaminergic activity has been found in stuttering cases in comparison to the control group. Stuttering as a side-effect of psychotropic medication is rare. Only a few stuttering cases are reported in the literature as being due to effects of antipsychotics like chlorpromazine, clozapine, olanzapine, risperidone, or trifluoperazine. Olanzapine is also used to treat the symptoms of stuttering via D2 receptor antagonism, and in the literature there are cases treated with the administration of olanzapine. Here we present a case of olanzapine-induced stuttering. The importance of this case is to show that while olanzapine may be used in the treatment of stuttering, it may also be the cause of stuttering as an adverse effect.
INTRODUCTION
S tuttering can be defined as a disturbance in the fluency and time patterning of speech inadequate for the speaker's age. Characteristics of stuttering are the repetition and prolongation of sounds and syllables, blocking or pauses between sounds or words, and in addition a strong feeling of anxiety accompanying the act of speaking (1, 2) . Other actions that can go along with stuttering are grimacing, tremor, and blinking (3, 4) . There are 2 subtypes of stuttering: developmental and acquired, respectively. The most commonly form is developmental, generally setting on between the ages of 2 and 7 years, and in 80% of cases, it resolves spontaneously (5) . Acquired stuttering can start at any age, the most common causes being stroke, adverse drug effects, head trauma, brain tumors, and problems related to the central nervous system. For stuttering, a prevalence of around 1% in the general population has been reported (5) . The lifetime probability for a person to develop stuttering is 3-4% (6,7). The condition is seen in males 3-4 times more frequently than in females (8, 9) . One of the first neurophysiological models trying to explain the cause of stuttering is the theory of cerebral dominance. This theory assumes that the lateralization of speech in the brain is atypical, being represented in both hemispheres, thereby affecting the fluidity of speech. According to this model, inappropriate lateralization causes a disturbance in the synchronization of the motor stimuli directed to the speech muscles and a wrong timing of the muscle movements, which leads to a disruption of fluid speech (10) . Developments in electrophysiological and brain imaging technologies have provided important insights into stuttering. Electroencephalogram (EEG) studies have reported atypical stimulation patterns such as a suppression of alpha waves. PET and SPECT studies found a general increase in the activation of the cortical and subcortical areas. Functional MRE studies reported an increased right-hemisphere activity during speech. Another important model to account for the etiology of stuttering is the dopamine hypothesis. According to this model, stuttering is related with an abnormal increase in the cerebral dopaminergic activity. PET imaging studies have also demonstrated that the dopaminergic activity in stutterers was 50-200% higher than in controls (11) . PET studies also found reduced striatal metabolism in stutterers. In this model, given that dopamine is a striatal metabolism inhibitor, the increase of dopaminergic activity inhibits the striatal metabolism and can cause stuttering (12) . Studies showing that dopaminergic activity-enhancing agents, such as levodopa, increase symptoms of stuttering support the dopamine hypothesis (13) . Clinical studies show that dopamine antagonists are effective in the treatment of stuttering. Haloperidol, tiapride, risperidone, and olanzapine have been found superior to placebo in improving the symptoms of stuttering (14) (15) (16) (17) . A number of agents have been tried in the treatment of stuttering, but none of them has been licensed by the U.S. Food and Drug Administration (FDA) so far. Studies indicate that the most promising drugs are antidopaminergic agents such as haloperidol, risperidone, and olanzapine. According to the dopaminergic hypothesis, these agents correct the striatal metabolism by suppressing the increased dopaminergic activity and thus improve the symptoms of stuttering. Some studies showed that calcium channel blockers such as verapamil may also achieve a partial improvement in stuttering therapy (18, 19) . Clinical studies with other agents found benzodiazepines and antihistaminics not to be effective in stuttering therapy (20) (21) (22) . In one case, treatment with fluoxetine (a selective serotonin reuptake inhibitor, SSRI) was successful (23) .
CASE
A 21-year-old male person presented to the psychiatric policlinic of our hospital with complaints of increased psychomotor activity, aggressive behavior, and fast and pressured speech. In the mental state examination, the patient's cooperation was limited, his words were partial answers to the questions, his speech was fast and pressured, his associations disorganized. The content of his thoughts showed delusions of reference and persecution, his psychomotor activity was increased. Because of psychomotor agitation, the emergency department had given an injection of 10mg haloperidol and 5mg biperiden IM and then referred the patient to our inpatient service for differential diagnosis and treatment planning. CBC, AST, ALT, urea, creatine, electrolyte panel, infection panel, and endocrine tests, EEG and brain MRI investigation carried out immediately after admission to our ward showed no pathologies. The patient was started on a dose of 10mg/day olanzapine with a preliminary diagnosis of psychotic disorder. On the third day of treatment, stuttering symptoms such as disturbance in the fluency and time patterning of speech, repetition of sounds and syllables, blocking between words, and accompanying strong signs of anxiety began. Anamnesis received from the patient and his relatives did not indicate any past episodes of stuttering. Examination and follow-up of the patient did not find any other extrapyramidal system (EPS) side effects or akathisia. Neurological assessment and EEG carried out in the neurology department did not find any pathology to explain the stuttering. As the stuttering symptoms increased and no other etiology was found, olanzapine treatment was stopped on the sixth day and a therapy with 200mg/day quetiapine was started. After discontinuing olanzapine, stuttering symptoms quickly improved, and on the third day the patient's speech returned to normal.
DISCUSSION
The most important hypothesis to explain the etiology of stuttering is the inhibition of the striatal metabolism caused by an increase in dopaminergic activity. This hypothesis is also supported by the fact that antipsychotic agents with dopamine-antagonist action like haloperidol, risperidone, or olanzapine are effective in the treatment of stuttering. However, the case we are presenting paradoxically shows that olanzapine, contrary to the hypothesis, is the cause of stuttering and its discontinuation results in a quick improvement of the symptoms. A literature search shows that a small number of cases have been published where stuttering occurred as a side effect of antipsychotic drugs. Thus, 3 cases reported the development of stuttering related to the use of risperidone (24, 25) . A case series described 7 incidents where stuttering was related to a drug side effect, 6 of which were olanzapine-related and 1 case linked to the use of clozapine (26) . This series involved concomitant use of antidepressants and previous head trauma, which reportedly may have increased the risk of this side effect.
Another significant issue with drug-related speech disturbances concerns EPS side effects. Especially speech impediment occurring with pharyngeal dystonia and involvement of the buccolingual muscles or anxiety related to the side effect of akathisia alongside lisping speech are frequently encountered. Some publications report that the side effect of stuttering is found together with EPS side effects or that EPS side effects may even be related with a clinical presentation or with epileptic activity (27, 28) . Though to a lesser degree than first generation antipsychotics, olanzapine may cause D2 receptor antagonism-related EPS side effects and akathisia as well as lower the threshold of epilepsy (29) . What distinguishes our case from other possible adverse effects is that no EPS side effects occurred, EEG and neurological examination found no pathology, signs of anxiety only arose together with speech impediment, and in addition to disturbances in fluency and time patterning of speech, characteristic symptoms of stuttering such as repetition of sounds and syllables, prolongation, and blocking or hesitation between sounds or words were present.
Our case and others found in the literature demonstrate that stuttering can occur as a rare adverse effect of antipsychotics. It is worth noting that olanzapine, in addition to being used in the treatment of stuttering, may itself cause stuttering as a side effect. While atypical and typical antipsychotics suppress increased dopaminergic activity, atypical antipsychotics such as olanzapine paradoxically may also increase dopaminergic activity via the 5-HT2A receptor. Our case demonstrates that olanzapine, frequently used in the treatment of stuttering, may rarely give rise to stuttering as a side effect, and it is important for clinicians to keep this side effect in mind.
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